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SUMMARY
T h e  a i m  o f  t h i s  t h e s i s  i s  t o  s t u d y  t h e  r o l e
ant ic ipa t ion  processes  in  the  deve lopment
t u r b a n c e s  i n  t h e  m o t o r  s y s t e m .
and e f f i c iencv  o f  motor  cont ro l  and
o f  c h i l d r e n  w i t h  a n d  w i t h o u t  d i s -
C h a p t e r  I  i s  a  g e n e r a l  i n t r o d u c t i o n  t o  t h e  s u b j e c t  o f  t h i s  t h e s i s .  I n  t h e  f i r s t
par t  o f  th is  chapter  the  ra t iona le  fo r  ex tend ing  knowledge in  the  f ie ld  o f
m o t o r  d e v e l o p m e n t  i s  g i v e n .  C e n e r a l l y ,  i t  i s  f o u n d  t h a t  m o t o r  d e v e l o p m e n t  a n d
d is tu rbances  in  the  motor  sys tem are  man i fes t  in  the  speed and accuracy  o f
goa l  d i rec ted  movements .  The ques t ion  is  what  p rocesses  de termine speed and
accuracy  o f  such responses ,  and how they  cont r ibu te  to  the  on togeny o f
s k i l l e d  m o t o r  p e r f o r m a n c e  ?  I n  t h e  s e c o n d  p a r t  o f  t h i s  c h a p t e r  t h e  g e n e r a l  a i m
a n d  t h e  c o n t e n t s  a r e  d e s c r i b e d .
Chapter  l l  i s  a  se lec t ive  survey  o f  deve lopmenta l  theor ies  and da ta  re levant
to  the  on togeny o f  motor  cont ro l  and coord ina t ion .  Organ ismic  theor ies  de-
scr ibe  deve lopment  as  a  p rocess  o f  d i f fe ren t ia t ion  and in teqra t ion  o f  ab i l i t ies
determined by  the  in te rac t ion  be tween genet ica l  and ex [er ien t ia l  fac to rs .
D u r i n g  d e v e l o p m e n t ,  c h i l d r e n  l e a r n  n o t  o n l y  t h e  i n v a r i a n t  f e a t u r e s  o f  o b j e c t s
a n d  s i t u a t i o n s ,  b u t  a l s o  t h e  p r o p e r t i e s  o f  t h e  n e u r o m u s c u l a r  s y s t e m .  T h i s
p r o c e s s  í s  c h a r a c t e r i z e d  b y  a n  i n c r e a s i n g  a t t u n e m e n t  t o  t a s k  s i t u a t i o n s .  l n -
fo rmat ion  theor ies  descr ibe  deve lopment  as  the  improvement  o f  in fo rmat ion
process ing  capac i ty .  Th is  i s  re f lec ted  by  the  inc rease in  speed and accuracy
of  movements .  l t  i s  hypothes ized tha t  improv ing  a t tunement  o f  motor  ac t ions
to  task  s i tua t ions  is  re f lec ted  in  the  inc reas ing  ab i l i t y  to  p reprogram move-
ments  accura te ly  accord ing  to  task  demands,  even in  t ime pressure  cond i -
t ions .  Th is  may account  fo r  the  inc reas ing  speed and accuracy  o f  responses
w i t h  d e v e l o p m e n t .
Chapter  l l l  i s  ded ica ted  to  the  ex is t ing  l i te ra tu re  on  the  f ie ld  o f  motor  cont ro l
and an t ic ipa t ion  processes  re levant  to  the  per fo rmance o f  goa l  d i rec ted  move-
m e n t s .  M o t o r  c o n t r o l  t h e o r i e s  d i s t i n g u i s h  r o u g h l y  t w o  t y p e s  o f  m o v e m e n t s ,
namely  cont inuous  or  open- loop cont ro l led  movements  and d iscont inuous  or
c losed- loop cont ro l  led  movements .  The fo rmer  type  is  de termined comple te ly
b y  t h e  i n i t i a l  i m p u l s e .  T h i s  i s  p r e p r o g r a m m e d  a n d  a c c u r a t e l y  a t t u n e d  t o  t h e
targe t .  However ,  when on  the  bas is  o f  feedback  mon i to r inq  i t  i s  es tab l i shed
tha i  the  in i t ia l  imou lse  does  no t  f i t  the  task  demands and the  movement  does
not  a r r i ve  a t  the  ta rge t ,  the  in i t ia l  impu lse  is  suceeded by  one or  more  cor -
r e c t i v e  i m p u l s e s .  S u c h  c o r r e c t i v e  i m p u l s e s  a p p e a r  a s  d i s c o n t i n u i t i e s  i n  t h e
ve loc i ty - t ime s igna l  o f  the  d iscont inuous  movemênt  nearby  the  ta rge t .  Ex t ra
fo rce  impu lses  lengthen the  dura t ion  o f  the  movement .  The ab i l i t y  to  p red ic t
t h e  o u t c o m e s  o f  n e u r o m u s c u l a r  a c t i v i t i e s  i s  c a l l e d r r e f f e c t o r  a n t i c i p a t i o n r r .
Success fu l  e f fec to r  an t ic ipa t ion  is  re f lec ted  by  an  accura te  a t tunement  o f  the
preprogrammed in i t ia l  impu lse  and the  absence o f  cor rec t ive  impu lses  nearby
the  ta rge t .  In  such cont inuous  movements  per iphera l  feedback  becomes redun-
dant .  The cont ro l  o f  con t inuous  movements  spares  the  process ing  capac i ty  o f
the  sensor i -motor  sys tem.  Accura te  e f fec to r  an t ic ipa t ion  a l lows v isua l
r r receptor  an t ic ipa t ion i l  dur ing  the  execut ion  o f  movements .  Th is  means tha t
in fo rmat ion  w i th  respec t  to  succeed ing  motor  ac t i v i t ies  in  a  sequence o f  goa l
d i rec ted  movements  can be  perce ived and processed in  advance.  Success fu l
receptor  an t ic ipa t ion  shor tens  the  la tenc ies  be tween succeed ing  movements .
Chapter  lV  dea ls  w i th  the  exper imenta l  s tudy  o f  motor  cont ro l  p rocesses  and
ef fec to r  an t ic ipa t ion  in  s imp le  goa l  d i rec ted  movements  o f  5 -9  year  o ld
c h i l d r e n  a n d  a d u l t s .  T h e y  c a r r i e d  o u t  a  r e c i p r o c a l  t a p p i n g  t a s k ,  i n  w h i c h
t i m e  p r e s s u r e  a n d  m o v e m e n t  c o m p l e x i t y  w a s  m a n i p u l a t e d  f o l l o w i n g  F i t t s r l a w  b y
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v a r y i n g  t h e  d i s t a n c e  b e t w e e n  r e s p o n s e  b u t t o n s .  l t  a p p e a r e d  t h a t  a d u l t s
m a i n l y  u s e d  c o n t i n u o u s  m o v e m e n t s .  l n  c h i l d r e n ,  a d d i t i o n a l  f o r c e - i m p u l s e s  w e r e
a l w a y s  f o u n d  a f t e r  t h e  i n i t i a l  i m p u l s e .  T h e r e f o r e .  i t  w a s  c o n c l u d e d  t h a t  t h e
p r o f i c i e n c y  o f  p r e p r o g r a m m i n g  o r  e f f e c t o r  a n t i c i p a t i o n  w a s  b e t t e r  i n  a d u l t s
t h a n  i n  c h i l d r e n .  A c c u r a c y  o f  t h e  i n i t i a l  i m p u l s e  w a s  u n a f f e c t e d  w h e n  d i s t a n c e
w a s  m a n i p u l a t e d .  T i m e  p r e s s u r e  d i m i n i s h e d  t h e  d u r a t i o n  o f  t h e  m o v e m e n t .
T h i s  l a t t e r  e f f e c t  w a s  h i g h l y  c o r r e l a t e d  w i t h  a  d e c r e a s e  o f  t h e  n u m b e r  o f
f o r c e  i m p u l s e s ,
Chapter  V  is  concerned w i th  the  exper imenta l  s tudy  o f  receptor -  e f fec to r
a n t i c i p a t i o n .  C h i l d r e n  o f  5 - 9  o l d  y e a r s  a n d  a d u l t s  c a r r i e d  o u t  a  s e r i a l
t w o - c h o i c e  t a p p i n g  t a s k .  T h e  s u b j e c t s  m a d e  a l t e r n a t i n g  m o v e m e n t s  b e t w e e n  a
h o m e  b u t t o n  a n d  o n e  o f  t w o  p o s s i b l e  t a r g e t  b u t t o n s .  P r e s s i n g  t h e  h o m e  b u t t o n
e l i c i t e d  a n  i m p e r a t i v e  v i s u a l  s t i m u l u s  w h i c h  i n d i c a t e d  t h e  n e x t  t a r g e t .  I n  h a l f
o f  t h e  m o v e m e n t s ,  t h e  i m p e r a t i v e  s t i m u l u s  w a s  p r e c u e d  d u r i n g  t h e  m o v e m e n t
f r o m  t a r g e t  t o  h o m e  b u t t o n ,  I n  t h e  o t h e r  h a l f  t h e r e  w a s  n o  p r e c u e i n g .
D i s t a n c e  b e t w e e n  h o m e  a n d  t a r g e t  b u t t o n s  w a s  m a n i p u l a t e d ,  C h i l d r e n  a s  w e l l
a s  a d u l t s  t o o k  a d v a n t a g e  o f  t a r g e t  p r e c u e i n g  a n d  w e r e  t h u s  a b l e  t o  r e c e p t o r
a n t i c i p a t i o n .  T h i s  c o u l d  b e  c o n c l u d e d  f r o m  t h e  f a c t  t h a t  t a r g e t  p r e c u e i n g
shor tened the  t ime on  the  home but ton .  Sub jec ts  took  more  advantage f rom
t a r g e t  p r e c u e i n g  i n  t h e  3 9  c m  d i s t a n c e  c o n d i t i o n  t h a n  i n  t h e  1 9  c m  c o n d i t i o n ,
Percept ion  and process ing  o f  the  precue in te r fe red  w i th  the  execut ion  o f  the
m o v e m e n t  i n  a n  a g e  d e p e n d e n t  w a y .  F r o m  m o v e m e n t  a n a l y s i s  i t  a p p e a r e d  t h a t
c h i l d r e n  u s e d  m o r e  d i s c o n t i n u o u s  m o v e m e n t s .
C h a p t e r  V I  i s  d e d i c a t e d  t o  t h e  e x p e r i m e n t a l  e x a m i n a t i o n  o f  e f f e c t o r  a n t i c i -
p a t i o n  i n  M N D  c h i l d r e n .  A  t a p p i n g  t a s k  w a s  a p p l i e d  t o  e x p l o r e  f u r t h e r  t h e
r e l a t i o n s h i p s  b e t w e e n  r e s p o n s e  t i m e  a n d  s p a t i a l - t e m p o r a l  o r g a n i z a t i o n  o f  m o v e -
m e n t s  i n  c h i l d r e n  w i t h  M N D  a s  c o m p a r e d  t o  o p t i m a l  c o n t r o l s .  D i f f e r e n c e s  w e r e
f o u n d  w i t h  r e s p e c t  t o  i n t e r - r e s p o n s e  i n t e r v a l s  a s  w e l l  a s  t o  t h e  o r g a n i z a t i o n
o f  t h e  m o v e m e n t s .  C h i l d r e n  w i t h  M N D  h a d  l o n g e r  o v e n a l l  r e s p o n s e  t i m e s  t h a n
cont ro ls ,  more  movement  e lements  per  tap  and shor te r  f i r s t  movement  qJ-
e m e n t s .  F u r t h e r ,  t h e  p a r t i c i p a t i o n  o f  s h o u l d e r  a n d  t r u n k  m o v e m e n t s  i n  t h e
movement  o rgan iza t ion  was la rger  and ind ica ted  a  more  immature  movement
p a t t e r n .  T h e  o b s e r v e d  d i f f e r e n c e s  b e t w e e n  c h i l d r e n  w i t h  M l . l D  a n d  c o n t r o l s
m a y  b e  d u e  t o  i n f o r m a t i o n  p r o c e s s i n g  l i m i t a t i o n s  a n d  i n c r e a s e d  a t t e n t i o n a l  d e -
m a n d s  f o r  t h e  e x e c u t i o n  o f  m o v e m e n t s  i n  M N D  c h i l d r e n .
C h a p t e r  V l l  d e a l s  w i t h  t h e  c o n c l u s i o n  t h a t  t h e  r o l e  a n d  e f f i c i e n c y  o f  m o t o r
cont ro l  p rocesses  are  chang ing  dur ing  deve lopment .  l t  seems tha t  the  inc rease
in  motor  cont ro l  e f f i c iency  depends on  improvement  o f  sensor i -motor  capac i ty .
Severa l  fac to rs  wh ich  are  re la ted  to  capac i ty  a re  d iscussed.
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